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Abstract 
In Poland, developers and above all, clients themselves have been taking an increasing interest in multi-family housing. One of 
the reasons behind the development of such constructions are government programs targeted at young people that help finance 
the purchase of a flat. In order to maintain a high level of client satisfaction as well as insure oneself against a decline in the 
quality of the executed construction work in Poland, one ought to analyze the numerous factors that determine it. In the 
construction field, choosing an appropriate subcontractor is of key importance to quality. The aim of this article is to indicate a 
method of improving quality by choosing an appropriate contractor. The analysis of subcontractors was conducted in the period 
from 2006 to 2014. It covered eight construction projects with a combined surface area of 117000 m2 and 1524 flats, the 
construction of which  employed a total of 1904 subcontractors.  In order to analyze the problem, 8 contracts pertaining to the 
construction of multi-family housing were analyzed, with the initial net value of the contract at approx. 62,5 million Euros. 
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1. Introduction 
In contracts where a general contractor is hired by the investor, it is common practice for the majority of the work to be 
contracted out to subcontractors [1]. When managing a contract by the general contractor, it has become customary to outsource 
specialized works in order to ensure quality in construction. Outsourcing the majority of works to a subcontractor is very safe and 
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convenient for the general contractor, but the failure of a subcontractor can be one of the reasons behind the entire project not 
succeeding [2, 3]. The process of delegating given works to other companies most often involves three phases, including [4]: 
1. selection, 
2. monitoring the realization of works 
3. completion and assessment of contractor's work 
A good subcontractor will complete a given task within the given timeframe and budget [5]. The quality to which the investment 
task will be completed depends, among others, on choosing an appropriate subcontractor. When making such a decision, the most 
common decision criterion is that of the lowest price [1]. The present article focuses on indicating a method of choosing a 
company that will effectively and efficiently complete the delegated task, not directed solely by the criterion of the lowest price. 
The improper choice of a subcontractor leads not only to problems during the realization and acceptance  of a project, but also 
very often to numerous unexpected situations during the initial exploitation phase (construction warranty). The proposed 
mechanism accounts for the assessment of the subcontractor not only during the realization of a project but also during 
exploitation (of the construction). Please also note that the subcontractors are obliged by contract to perform significant parts of 
the work for the main contractors, and so the overall success of the project depends largely on the success of an organization 
subcontractors, who are more susceptible to market fluctuations and changes [6]. It is important from the point of view of the 
general contractor and subcontractor records from the report of the Supreme Chamber of Control [7] talking about the fact that to 
a large extent as one of the causes of defects in the construction industry include inadequate quality of construction works and 
inadequate supervision on the part of the construction and the investor. Lack of supervision and lack of consistency to persons 
carrying out surveillance, which was not achieved parameters affects not only the poor quality of its investments, but also to 
increased costs and longer construction time of these investments and difficult or impossible to use the object. 
1.1. The basis of the research 
In the light of the presented correlated methods, there is a reason to present a method of selecting a contractor that will be 
possible and simple to implement in the realities of construction. In the analyzed case in Poland, choosing a given subcontractor 
by the Ordering Party during tendering is supported by, among others, the opinion of the general contractor's workers and site 
manager and/or company board of directors. The decision is based mainly on past experiences with the given subcontractor over 
the course of project realization. The subcontractor choosing to take part in the tender procedure bases their offer mostly on price. 
In order to analyze the problem, 8 contracts pertaining to the construction of multi-family housing were analyzed, with the initial 
net value of the contract at approx. 62.5 million Euros. The studies were based on data selected from construction projects whose 
combined scope of works has been presented in Table 1.   
Table. 1 Putting together the number of performed work by subcontractors taken into account in examinations 
Total area m2 72228.10 
Usable area m2 117022.50 
Volume m3 430818.61 
Quantity of flats pcs. 1524.00 
Area of walls m2 243840.00 
Area of the floor m2 109959.53 
Surface of the pavement m2 11565.00 
Area of the roof m2 22983.00 
Area of the elevation m2 62660.00 
Area of balconies m2 5747.80 
Quantity of windows pcs. 5533.00 
Quantity of the door pcs. 2213.00 
Quantity of heaters pcs. 6261.00 
Quantity of window sills pcs. 5533.00 
Area of stairs m2 10557.00 
Quantity of lamps pcs. 1035.00 
Quantity of water meters pcs. 4572.00 
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1.2. The proposed model 
The proposed system for choosing the subcontractor by the investor/general contractor is based on the following assumptions: 
x making use of Deming's principles, which draw particular attention to close cooperation with subcontractors (suppliers) 
as a team, and not being guided solely by the criterion of price when selecting a subcontractor, 
x making use of Juran's input in the field of quality management regarding the location of critical success factors in 
accordance with the Pareto principle, 
x making use of knowledge gained from carrying out past projects in order to improve codes of practice (in this case the 
priority is given to the general contractor, who may possess knowledge gained over the course of cooperating with 
numerous subcontractors and can actively take action in order to encourage good practices in quality management, e.g. 
on share point terms). 
x making use of information tools to simplify the process of managing faults (limiting the time it takes to react to quality 
deficiency and increasing the effectiveness of correcting faults). 
The consequent use of the synergy of various principles, methods and technologies enables systematic improvement in the field 
of quality management to be made.  
The proposed model is based on 8 main principles: 
1. Analysis and use of collected data prior to commencing a contract in order to improve the process and increase the 
quality of work carried out by the given subcontractor, 
2. Negotiations with subcontractor, 
3. Selection of subcontractor, 
4. Constant monitoring of ongoing processes, 
5. Exchange of knowledge on counteracting typical problems with quality in the scope of work assumed by the 
subcontractor,  
6. Pinpointing critical success factors, 
7. Collecting data on specific actions of contractors during the execution of the contract, 
8. Updating the knowledge base on subcontractors in the given scope of work.  
Over the course of the research, it turned out that in the case of multi-family housing construction, the same subcontractors are 
engaged in the majority of analyzed contracts. This gives the possibility of ongoing observation and improvements. Competition 
is also considered good practice, depending on the size of the object; with this approach, a few subcontractors simultaneously 
carry out one type of work, e.g. elevation work. This is dictated by the different speeds at which the subcontractors work and 
differences in quality. In the situation when a contracted phase is delayed by the subcontractor, its scope is handed over to 
another subcontractor present on the construction site in order to minimize the delay. An analogical procedure is applied in the 
case of problems with quality. The received data are used to systematically update the information base, not only during the 
realization phase of the contract but also later, over the course of exploitation (Figure 1). The number of faults for which the 
subcontractor was responsible, occurring during the construction of the building and over the course of its exploitation upon 
completion, is used as the basis on which they are assessed. Information regarding the confirmed faults is stored in the central 
database and sent to the subcontractor responsible for correcting them. The choice regarding the subcontractor is made by the 
General Contractor, who gives themselves some leeway in changing the scope of work delegated to the individual subcontractors 
(combining the strategy of cooperative partnership and competition between subcontractors), in an effort to achieve mutual 
success in realizing the project.  
 
Juran favored competition, whereas Deming believed that quality can be obtained by tying oneself to one supplier/subcontractor 
on a partnership basis. All contractors, however, should perform in such a way which allows them to fulfill the client's 
expectations. The basic elements of competition include: cost, quality, innovation and flexibility [8]. The proposed method 
assumes that a survey is carried out upon the completion of the contract in an electronic form, using an information system and 
assessing the subcontractor who was responsible for the given scope of work. The survey is most often completed by a very 
experienced person with at least 10 years of experience, possessing the building qualification required by the Polish law (site 
manager or contract director/manager). The survey is binding during the next project. The survey is mainly based on the 
assessment of the effects (result) of the works carried out and cooperation during the realization of the contract. The rating scale 
ranges from 1 to 5.  Hala and Sawicki [9] wrote that acquired knowledge in their respective fields of works under the contract 
should be available by logging into the system of the company. It is quite important given the rotation of employees in 
construction companies. Having a knowledge base of so-called column by the general contractor, it will result in the ability to 
quickly complements knowledge. 
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Upon preparing the survey, the system automatically generates the evaluation of the given subcontractor obtained as a result of 
assessing cooperation during the realization of the analyzed contract. As a result of this, we are provided with an initial picture of 
the subcontractor upon completion of the project as far as cooperation with the site management team and ability to adapt to the 
realities of construction work are concerned. The evaluation of the subcontractor from the exploitation phase will be generated at 
least a year after the project was handed over to the investor and made available for use. Next, the results of all surveys from the 
8 contracts were compared (Table. 3) 
Table. 2 Average rating of performers on individual contracts 
Object 
number Evaluation 
I 3.17 
II 3.20 
III 3.14 
IV 3.17 
V 3.30 
VI 3.40 
VII 3.46 
VIII 3.45 
Figure 1 The proposed learning model 
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The evaluation of a subcontractor brings about significant benefits to the company which employs such a model. Selecting a 
subcontractor with an established position often influences minimizing the number of faults which occur as well as the amount of 
financial resources spent on correcting them during the time the building is open to exploitation.  
In the second step of the methodology, upon accounting being accounted for, information gathered in the contract was applied 
during price negotiations as well as establishing the conditions of the contracts with the contractor. The scheme of the selection 
procedure (Figure 1) is based on parameters (Table 3) which will determine the choice of the contractor. 
 
Table. 3 The data collected on the basis of previous execution in order to select contractors 
 
Step of implementation of data after the completion of the contract 
The information needed to build a model Data obtained after completing the calculation 
The warranty on the work carried out 
The criterion for selection of the 
contractor 
Experience in the market 
Quantity of the works from the beginning 
of the company 
Amount of contracts carried out 
Execution time 
Number of faults occurring 
Response time to remove faults 
 
Data considered in the criteria (Table) determine, above all, the quality of work carried out, the company's experience, the price 
of the offer and the time required to complete the given scope of work. All this will form the Intelligent Advisory System used 
during the construction process. Construction management experience indicates that the selection of subcontractors, taking into 
account only the price is not right Kozik and Leśniak [10]. That is why it is so important here selection according to various 
criteria. These changes can also be saved in the computer system, Assmann and Punter [4], who described the process as the 
software development cycle from tender to completion of the program. 
Invitation to
tender
Investor: Design multi-family building
General Contractor: Accession to the valuation
Address database of subcontractors / suppliers
The submission of inquiry by the Investor / General
Contractor
Intelligent advisory model selection of the
contractor / supplier on implementing the new
contract
 
Figure 2 The model of selection of a contractor for tender process 
Throughout the entire selection scheme (Figure 2) the intelligent model will be described on the basis of criteria while applying 
one of the multi-criteria additive methods - the weighted sum method, which enables the most appropriate subcontractor/supplier 
for the given scope of construction work to be chosen. The sample model which elaborates on the solutions determines the course 
of action in regards to a single contract, though it can be successfully used for other contracts without intermission. Upon the 
completion of a contract, the financial state of the contracted companies may be unstable and thus, one should continuously seek 
new subcontractors to have as backup when a critical situation arises.  
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The intelligent model of the justification for selection on the basis of the criterion of one of the multi-criteria additive methods - 
the weighted sum method and AHP. These methods are some of the ways of making decisions, which are proposed to solve the 
problem of choosing the most appropriate subcontractors / suppliers for specific works. Turskis and Zavadzkas [11] have also 
discussed one of the additive methods ARAS-G by adding to the number of Grey's evaluation index which determines the range 
of possible occurrence of a criterion based on which a potential supplier was selected as the most appropriate for interested 
parties. However, the proposed model in this paper also shows a practical solution determining (Fig. 6) proceeding in respect of 
one contract, but can be successfully and freely used on other sites. After each completion of the contract, the status of 
contractors in financial terms can be unbalanced (e.g. due to mismanagement by the owners), so in this regard new 
subcontractors must be constantly sought to be ready and available in case of crisis. 
 
The proposed method stresses that the subcontractor learns from and corrects mistakes during the process of carrying out 
specialized work. When choosing a new subcontractor by the general contractor, more pressure should be placed on the function 
of aim, i.e. the proper execution of the project, and above all, avoiding basic mistakes that had been made during the previous 
selection.  
 
For the decision of choosing the best contractor to carry out construction works at the new contract two methods are proposed 
(M1) Weighted Sums method [12] and (M2) Analytical Hierarchy Process: 
 
Ratio of total weight (M1): 
௝݂ ൌ σ ݓ௜ ή ܺ௜ǡ௝௡௜ୀଵ      (ͳ) 
where: 
fi – weighted index of the total, 
wi – weight criterion, 
Xi,j – normalized value of criterion X for variant j, 
 
Analytical Hierarchy Process (M2) is used to decompose the evaluation criteria through the following process: 
a. Prioritizing the problem, 
b. Comparison of pairs, 
c. The terms of mutual concessions (w) with respect to the criteria and decision variants, 
d. Analysis of selected results. 
 
Relations between the individual elements are determined basing on a 9-point scale [13, 14]: 1 - equal significance; 3 – slight 
advantage; 5 - a strong advantage; 7 - very strong advantage; 9 - absolute advantage; 2, 4, 6, 8 - intermediate values. Assessment 
of the relationship is inverse to the inverse of integers. This step completes the formation of a matrix A = [aij] an n × n, which is 
made of n (n-1) / 2 of these comparisons. The distinctive feature of this matrix is diagonal, which consists of one of the properties 
aji = 1 / aij [15]. 
 
The criteria prepared for the model provide us with assurance that selecting a given contractor will be connected with a high 
quality of work carried out over the course of the construction process as well as during the exploitation of the construction. One 
must remember that regardless of the procedures introduced, all decisions are made by people and proper communication is 
essential to conflict-free cooperation.  
Table 4 Summary of subcontractor / supplier on the basis of the criterion 
Weighted sum method (M1) AHP (M2) 
No subcontractors  fi No  subcontractors fi No subcontractors  No  subcontractors   
P1 0.61 P11 0.54 P1 4,18% P11 5,18% 
P2 0.46 P12 0.21 P2 4,13% P12 3,27% 
P3 0.55 P13 0.41 P3 3,76% P13 4,81% 
P4 0.80 P14 0.95 P4 6,38% P14 4,27% 
P5 0.53 P15 0.84 P5 6,12% P15 5,82% 
P6 0.73 P16 0.61 P6 5,73% P16 7,26% 
P7 0.79 P17 0.58 P7 3,90% P17 7,15% 
P8 0.39 P18 0.29 P8 3,23% P18 3,02% 
P9 0.9 P19 0.32 P9 2,97% P19 3,65% 
P10 0.7 P20 0.42 P10 6,63% P20 3,94% 
P21 0.26 P21 4,60% 
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The proposed model is to facilitate the complex improvement of the construction process on the example of multi-family housing 
construction. In Table 9 is a summary of the assessment of contractors / suppliers referred to the same works, from which it 
follows that the contractor P14 in the weighted sum method and P16 in the method of AHP are the most suitable for the task, 
taking into account all the criteria. Based on the Juran's principle, it is assumed that all above a threshold of 0.70 in the method 
(M1) and above the threshold of 6% in the method (M2), namely: P4, P6, P7, P9, P14 and P15 in (M1) and P4, P5, P10 and P17 
in (M2) are suitable for guiding the works and remain competitive in terms of quality for the next stage of the procedure. 
2. Conclusions 
The accepted method will help minimize losses and the number of faults in future contracts, as well as establishing good 
practices among the participants of the investment process. Models for selecting a subcontractor have been described in many 
publications. In order for the entire realization (as well as exploitation) stage to run smoothly, efficient quality control of the 
works carried out is to be demanded of the investor, general contractor and subcontractors. The presented typical problems 
encountered when a General Contractor cooperates with subcontractors during the realization of contracts in housing construction 
in proposed model for improving quality management and presented case study allow for the following conclusions to be drawn.  
 
1. The proper choice of a subcontractor provides the General Contractor with the opportunity to transfer risk and complete 
the subcontracted scope of work faster and cheaper while maintaining requirements as to quality 
2. Proper selection of subcontractors can contribute to a systematic increase in quality 
3. Many systems of selecting subcontractors are based on complicated procedures which limit the possibility of observing 
the course of proceedings 
4. The proposed model of the system for ensuring quality is focused on gradual improvement based on learning from 
examples when carrying out specialized works of a similar scope by various subcontractors hired under different 
contracts (of course, it is also possible to improve quality management by the same subcontractor under a single 
contract) 
5. The proposed model is based on synergy resulting from the concurrent use of a few methods, principles, guidelines, 
tools and technologies in order to achieve the systematic improvement of quality management in housing construction.  
6. When assessing subcontractors, one should take into account not only the realization period (traditional approach) but 
also the period of exploitation 
7. The model of cooperation with subcontractors put forward by the authors proposes a combination of partnership-based 
long-term cooperation along with the competition of subcontractors between each other (hiring multiple subcontractors 
to carry out similar works under a single contract)  
8. The fragmentation of work commissioned to subcontracts (multi-layer system of contracts) can be a significant 
problem when introducing the described system, running the risk of blurring responsibility and leading to conflicts 
when implementing a complaints procedure.  
 
In the age of information systems, all the faults of a given issue collected from construction sites and during the exploitation 
period of building ought to be made available to the workers of company. However, there are many factors which, in practice, 
contribute to disturbances and improprieties of this phenomenon: unqualified personnel, a multi-layer system of subcontractors or 
lack of resistance to market fluctuations and changes [15], which can significantly complicate cooperation between the parties. 
No less methods proposed in the article are big prospects for the future. This method is increasingly used in India, China, etc.. 
While many studies have focused on combining various other techniques AHP [16]. This is to take advantage of the versatility of 
AHP with the active use of assistive technology. 
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